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I. INTRODUCTION

FPGAs are highly versatile devices, but their backend com-
pilation process is significantly time-consuming. DynaRapid
has demonstrated the potential to drastically reduce compila-
tion times to mere seconds by leveraging macro-component-
based design hierarchies [1]. However, DynaRapid faces chal-
lenges in macro-component placement, often resulting in fre-
quency degradation. In this work, we propose DRSA, a fast
placer based on simulated annealing targeting DynaRapid’s
macros, capable of overcoming the frequency degradation of
the previous greedy placement strategy [1].

II. ACCELERATING MACRO PLACEMENT ON FPGA

Simulated Annealing (SA) is used in DRSA to optimize
the placement of macro components by minimizing a cost
function. Inspired by ExHiPR [2], the cost function is:

« WLno’rm + ﬁDnorm + ’YASnorm + JOVnorm- (1)

The weights «, 3,7 are positive values that sum up to 1 (o +
B+~ =1), while ¢ is a parameter greater than or equal to 1.
An illegal placement is detectable if the cost function is greater
than 1, indicating that overlap across macros occurred [2]. This
baseline, referred to as BSA, converges to the critical path of
Vivado, yet at significant runtime expense (2X).

A. Speeding Up the Convergence

To speed up convergence, one effective approach is to
narrow the search space of potential placement locations. To
reduce the search space during random movement, we employ
a Gaussian multivariate distribution to dynamically increase
the likelihood of positioning the design within a specific
region. We also raise the cooling rate, though this may come
at a solution quality cost.

B. Improving The Critical Path

To address critical path degradation introduced by the
increased cooling rate, we refine the terms of the cost function.
To this end, we introduced a new term to Equation 1: the
area of individual shapes (AR). We explored cost functions
containing various combinations of terms, including density,
aspect ratio, and area. We extend our analysis beyond immedi-
ate connections to further improve accuracy in estimating wire
length. To capture the impact of placement on wire length,
we split the weight a into two factors: first-degree, for direct
connections, and second-degree, for next neighbors. Finally,
we incorporated a macro-swapping mechanism into the place-
ment strategy. This mechanism resolves macro overlaps by
swapping components before the placement is invalidated.
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III. EVALUATION

We compare our placement strategy with Vivado 2024.1,
using ~directive Quick targeting a Virtex UltraScale+™
xcvul3p. DRSA achieves, on average, a 9.8 x faster placement
compared to BSA and a 4.9x speedup over the commercial
placer. We then compared the placement density of DRSA
using Vivado’s minimum dimensions (Figure 1), observing that
DRSA achieved a comparable density of 65%.
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Fig. 1: Visualization of placement density for the video_filter
benchmark. (a) Vivado minimum bounding box. (b) DRSA

placement constrained to Vivado minimum bounding box.

IV. CONCLUSION

In this work, we present DRSA, a placer based on simulated
annealing that overcomes the critical path degradation of the
greedy placement strategy of DynaRapid [1], while still out-
performing Vivado in terms of runtime. As shown in Figure 2,
DRSA enables 3.91x and 7.78x faster runtime than Vivado
and BSA, respectively, but also lowers the critical path of 2%
on average after routing.

Greedy

| Vivado BSA

* DRSA

Critical path, Normalized
=
8

0.0 20 25

0.5 1.0 1.5
Execution runtime, Normalized

Fig. 2: Comparison of DynaRapid’s runtime and critical path,
using DRSA, BSA, and greedy placer, normalized on Vivado.
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